Objective: To establish the microbiological characteristics of acute exacerbation of chronic sinusitis (AECS).
Conclusions:
This study demonstrates that the organisms isolated from patients with AECS were predominantly anaerobic and were similar to those generally recovered in patients with chronic sinusitis. However, aerobic bacteria that are usually found in acute infections (eg, S pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis) can also emerge in some of the episodes of AECS.
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A CUTE EXACERBATION OF chronic sinusitis (AECS) represents a sudden worsening of baseline chronic sinusitis with either worsening or new symptoms. Typically, the acute (not chronic) symptoms resolve completely between occurrences. 1 The microbiology of acute sinusitis is well established where the major pathogens are aerobic and facultative bacteriaStreptococcus pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis. 2 Similarly, the bacterial origin of chronic sinusitis has been studied extensively, 3, 4 and the predominant isolates are anaerobic bacteria. In contrast to acute and chronic sinusitis, the microbiology of AECS, to my knowledge, has not been studied before. Establishing the microbiological characteristics of AECS is of great scientific and practical importance. This article describes my experience during a 17-year period of studying the aerobic and anaerobic microbiology of AECS of the maxillary sinus and comparing my findings with those of chronic maxillary sinusitis.
METHODS
Sixty-two patients (32 with chronic sinusitis and 30 with AECS) were studied between June 1987 and June 2004. Excluded were 17 additional patients whose maxillary sinusitis yielded no bacterial growth. The patients studied were seen in an outpatient clinic in suburban Washington, DC; the Hospital for Sick Children, Washington, DC; and the Naval Hospital, Bethesda, Md.
Patients' ages ranged from 11 to 73 years (mean age, 48 years 4 months); 39 were males. Ten patients were children (Ͻ18 years). No differences in gender and age was noted between the 2 groups. Antimicrobial therapy was administered to 33 patients (53%) in the month prior to sample collection. These included 18 patients with chronic sinusitis and15 patients with AECS.
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Only patients fulfilling the following criteria were included in the study: typical clinical symptoms of sinusitis (headache, fever, nasal drainage, and others), positive radiographic findings, positive maxillary sinus bacterial culture results, and biopsy specimens demonstrating chronic inflammation of the sinus mucosal lining, or clinical and radiologic findings compatible with maxillary sinusitis followed by clinical and radiologic improvement following surgery and/or treatment with antibiotic therapy. Sinusitis was considered chronic if symptoms persisted for longer than 3 months. Patients with AECS had to fulfill the following 3 criteria: have chronic maxillary sinusitis, exhibit significant acute aggravation of their sinusitis symptoms (lasting Ͼ30 days), and have bacteria isolated from cultures of their sinuses.
The specimens were obtained using inferior meatal antrostomy after disinfection of the oral mucosa with 10% povidoneiodine and were transported to the laboratory in a syringe sealed with a rubber stopper after evacuation of the air or in an anaerobic transport tube (Port-A-Cul; Baltimore Biological Laboratories, Cockeysville, Md). The time between the collection of materials and inoculation of the specimen was generally shorter than 60 minutes for syringes and shorter than 3 hours for the anaerobic transport tube.
Specimens were inoculated onto 5% sheep's blood, chocolate agar, and MacConkey agar plates for the growth of aerobic and facultative organisms. The plates were incubated at 37°C aerobically (MacConkey) or under 5% carbon dioxide (5% sheep's blood and chocolate) and examined at 24 and at 48 hours. For anaerobes the material was plated onto prereduced vitamin K 1 -enriched Brucella blood agar, an anaerobic blood agar plate containing kanamycin and vancomycin, an anaerobic blood plate containing colistin and nalidixic acid, and an enriched thioglycolate broth (containing hemin and vitamin K 1 ). 5 The anaerobic plates were incubated in anaerobic jars (GasPak jars; Baltimore Biological Laboratories) and examined at 48 and at 96 hours.
Aerobic and anaerobic bacteria were identified by conventional methods. 5, 6 ␤-Lactamase activity was determined by use of the chromogenic cephalosporin analog 87/312 method. 7 Statistical analysis was performed using the t test.
RESULTS

CHRONIC SINUSITIS
A total of 81 isolates were recovered from the 32 patients (2.5 per specimen), 33 aerobic and facultative isolates (1.0 per specimen), and 48 anaerobic isolates (1.5 per specimen). The number of isolates per specimen varied from 1 to 4. Aerobic and facultative organisms alone were recovered in 8 specimens (25%), anaerobes only were isolated in 11 (34%), and mixed aerobic and anaerobic bacteria were recovered in 13 (41%). The predominant aerobic and facultative isolates were ␣-hemolytic streptococci, Enterobacteriaceae (Escherichia coli, Proteus mirabilis, Klebsiella pneumoniae), and S aureus (Table) . The predominant anaerobic bacteria were Peptostreptococcus subspecies (16), Fusobacterium subspecies (8), anaerobic gram-negative bacilli (21, including pigmented Prevotella and Porphyromonas subspecies), and Propionibacterium acnes. Twenty-one ␤-lactamase-producing bacteria (BLPB) were recovered from 17 specimens (53%).
ACUTE EXACERBATION OF CHRONIC SINUSITIS
A total of 89 isolates were recovered from the 30 patients (3.0 per specimen), 40 aerobic and facultative isolates (1.3 per specimen), and 49 anaerobic isolates (1.6 per specimen). The number of isolates varied from 1 to 5. Aerobic and facultative organisms were recovered in 8 instances (27%), anaerobes only in 11 (37%), and mixed aerobic and anaerobic bacteria in 11 (37%). The predominant aerobic and facultatives were S pneumoniae, ␣-hemolytic streptococci, Enterobacteriaceae (E coli, P mirabilis, and K pneumoniae), and S aureus (Table) . The predominant anaerobic bacteria were Peptostreptococcus subspecies (14 isolates), Fusobacterium subspecies (10), anaerobic gram-negative bacilli (21, including pigmented Prevotella and Porphyromonas subspecies), and P acnes (4). Thirty-six BLPB were recovered from 28 specimens (53%) (PϽ.001, compared with patients with chronic sinusitis).
COMMENT
To my knowledge, this study describes, for the first time, the microbiology of AECS of the maxillary sinus. The organisms isolated from these patients were predominantly anaerobic and were similar to those generally recovered in chronic sinusitis (Prevotella, Porphyromonas, Peptostreptococcus, and Fusobacterium subspecies). The recovery of anaerobic bacteria in all instances confirms their importance in chronic maxillary sinusitis and confirms previous studies where adequate methods for specimen transportation and bacterial isolation were used. 3, 4 However, this study demonstrates that, in addition to the predominance of the anaerobic organisms, aerobic bacteria that are usually found in acute infections (eg, S pneumoniae, H influenzae, and M catarrhalis) 1, 2 can also emerge in some of the episodes of AECS. 4 The number of S pneumoniae and H influenzae was statistically significantly higher in patients with AECS compared with those with chronic sinusitis (PϽ.03).
The frequent involvement of anaerobes in chronic sinusitis probably may be related to the poor drainage and increased intranasal pressure that develops during inflammation. 8 This can reduce the oxygen tension in the inflamed sinus 9 by decreasing the mucosal blood flow 10 and depressing the ciliary action. 11 The lowering of the oxygen content and pH of the sinus cavity supports the growth of anaerobic organisms by providing them with an optimal oxidation-reduction potential.
11
Resistance to antimicrobial agents through the production of ␤-lactamase was observed more often in isolates that were recovered from patients with AECS. Thirtysix such isolates (40% of the total number of isolates) were found in those with AECS compared with 21 isolates (26% of the total) that were recovered in those with chronic sinusitis. An increase was also found in the recovery rate of S pneumoniae that were resistant to penicillin, from none in chronic sinusitis to 4 in AECS.
This finding highlights the importance of obtaining cultures from patients with AECS for guidance in selection of proper antimicrobial therapy. As recurrences occur, the bacterial cause and antimicrobial susceptibility may change.
The growing resistance of S pneumoniae to penicillin and other antimicrobial agents such as trimethoprimsulfamethoxazole and macrolides 12 and the production of ␤-lactamase by H influenzae, M catarrhalis, 13 pigmented Prevotella and Porphyromonas subspecies, and Fusobacterium subspecies 14 are the major causes of resistance. Selection of antimicrobial agents for the therapy of AECS can be improved by obtaining cultures from the involved sinus(es), by knowledge of the resistance pattern of the organisms in the community, and by consideration of the effect of previous antimicrobial therapy 13 or prophylaxis 15 that may select resistant strains.
Further studies of the microbiology and effect of antimicrobial therapy of AECS are warranted. These studies should investigate whether the use of antimicrobial agents effective against resistant organisms will be able to reduce the occurrence of recurrences in these patients. Author Contributions: Dr Brook had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. Financial Disclosure: None reported.
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